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SUMMARY

Two studies investigated the psychological and physiological effects of

the M17A2 gas mask (Scudy 1) and MOPP IV (Mission Oriented Protective

Pcsture level 4 gear) chemical protective suit (Study 2). Both studies used

the same psychological scales: the Profile of Mood States (POMS) Vigor and

Fatigue scales, the School of Aerospace Medicine Subjective Fatigue

Checklist (SAM FATIGUE), The Kogi Symptom checklist (SYMPTOMS), the Naval

Health Research Center's Positive and Negative mood scales (POSITIVE MOOD

and NEGATIVE MOOD), and the Stanford Sleepiness scale (SLEEPINESS). The

physiological measures included heart rate, core temperature, blood pressure

and grip strength.

In Study 1, 16 pairs of subjects were tested over two 4-hour periods,

one with the mask and one without. In the second study 12 pairs of subjects

were tested over two 12-hour periods with and without MOPP gear. Both

studies used a counterbalanced order: a randomly selected subject from each

pair wore the mask or MOPP gear the first day while the other subject wore

it the second.

Increases in SYMPTOMS, with borderline increases in SAM FATIGUE and

heart rate, and diastolic blood pressure were seen in the mask condition.

The change in heart rate proved only to be significant among the female

subjects. In the MOPP condition there were increases in heart rate,

temperature, and all measures of negative states (POMS FATIGUE, SAM FATIGUE,

SLEEPINESS, SYMPTOMS, and NEGATIVE MOOD), with decreases in the positive

measures (VIGOR and POSITIVE MOOD) and grip strength. All of the changes

seen in MOPP were significant for the first 4-hours. All measures except

core temperature, grip strength, and POSITIVE MOOD showed MOPP effects in

the first hour of testing.

The increase in SLEEPINESS seen with the MOPP gear correlated

significantly with the increase in core temperature. There were no other

physiology-psychology relationships. There was no correlation between the

amount of change in any measure when the mask or MOPP gear was worn and the

amount of previous experience the subject had with that gear.
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Overall, the changes observed, though significant, were not much differ-

ent from those observed over two sustained 20 hr days '"or non-exercising

subjects (Naltoh, Englund and Ryman, 1983, 1984). Also the psychological

and physiological changes In the MOPP suit were not to a degree to indicate
that wearing this gear for 12 hrs without exercise would seriously degrade

performance.
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INTRODUCTION

Gas masks and protective suits can have deleterious psychological

effects on the wearer, such as panic, confusion (Brooks, Xenakis, Ebner and

Balson, 1983), shortness of breath, and claustrophobia (Carter and

Cammermeyer, May 1985). In his review of this area Morgan (1983) pointed

out that these topics had been addressed in only a very cursory manner and

that there had been little systematic research into these effects. The

present studies examined the effects of wearing (1) the M17A2 gas mask and

(2) full chemical protective (Mission Oriented Protective Posture level

4-MOPP IV) gear, both studies under mon-exercise, sedentary conditions.

Standardized psychological tests were used as measures of mood, symptoms,

fatigue, and sleepiness. Vital signs (heart rate, blood pressure, and core

temperature) and grip strengch were also collected hourly. This report

covers these two studies. All subjects were volunteer U. S. Marine Corps

personnel.

METHODS

Study One

In the first study (Mask study) 32 subjects (24 males and 8 females,

characteristics summarized in Table 1) were given a series of psychological

and reaction time tasks pres.ented by computer over two 4-hour periods

(sessions 1-4). Heart rate, core temperature, blood pressures and grip

strengths were also recorded hourly. Subjects were tested in pairs. Half

the pairs were tested in the morning (0730 to 1130) and half in the after-

noon (1300 to 1700). one ot each pair was randoml.y assigned to be tested

the first day while wearing the M17A2 mask (Kelly, Yeager, Sucec, Englund,

and Smith, 1987) and the second day without, while the other subject did the

reverse.

The masks had been modified to allow measurement of volumes, rates of

flows and composition of expired air. The modification entailed replacement

of the outlet valve with a brass tube fitted with a one-way valve with

resistance similar to the unaltered mask (Kelly, et al. , 1987). The masks

were checked for fit and leaks at the start of the 4 hour testing sessions.

In the mask condition subjects were required to wear the mask for the
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entire 4 hour testing period. Subjects were allowed as much water as they

desired (the M17A2 has an attachment allowing drinking from a canteen

without the removal of the mask).

Table 1 - Subject Characteristics

MASK STUDY

MALES MEAN SD MIN MAX N!

AGE (YEARS) 24.7 4.4 18 34 24
YEARS SERVICE 5.4 3.9 1.0 15 24
PAY GRADE 4.4 1.1 3 7 23
PREVIOUS EXPERIENCa 161.0 651.0 0 3000 21
LOG 10 PREV. EXP.+1 .93 .93 0.0 3.48 21

FEMALES MEAN SD MIN MAX N-

AGE (YEARS)) 21.0 3.8 18 29 7
YEARS SERVICE 2.3 3.4 0.5 10.0 7
PAY GRADE 3.0 1.4 2 6 7
PREVIOUS EXPERIENCEa 1.0 0.0 1.0 1.0 5
LOG 10 PREV. EXP. .0 .0 .0 .0 5

*

MOPP STUDY MEAN SD MIN MAX N-

AGE (YEARS) 23.1 3.5 18 29 24
YEARS SERVICE 4.2 3.1 0.5 2.0 24
PAY GRADE 3.8 1.1 2 6 24
PREVIOUS EXPERI§NCEa 67.2 84.4 0 400 21
LOG 10 PREV. EXP 2.5 .7 0.0 2.6 21

N = number of subjects with data
SD standard deviation
MIN = minimum value
VAX = maximum value

Missing values were due to incomplete forms or uncodeable responses.
a Hours of previous experience using gas masks and/or MOPP gear.
When the subject with 3000hrs is eliminated, the mean is 19.0, S.D.=26.1,
wax=100.

LOG PREV. EXP.+1 = Log base 10 of the hours of previous experience using
gas masks and/or MOPP gear. The constant 1 was added so that those with
zero (0) hrs would have a value of zero after the log transformation.
When the subjcct with 3000hrs is eliminated the mean is .80, S.D.=.74,
max=2.0.
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The psychological measures used were: the Profile of Mood States (POMS),

which included scales of vigor and fatigue (POM VIGOR and PON FATIGUE); the

School of Aerospace Medicine Subjective Fatigue Checklist (SAM FATIGUE); the
Kogi Symptom Checklist (SYMPTOMS; the list of these 30 symptoms found to

increase with work fatigue appears in Table 2); the Naval Health Research

Center Mood questionnaire, which included a negative and a positive scale

(NEGATIVE MOOD and POSITIVE MOOD); and the Stanford Sleepiness Scale (SLEEP-

INESS). The computer presentation of these measures has been reported in

detail elsewhere (Ryman, Naitoh and Englund, 1984). Subjects had several

hours of training in these questionnaires on the day preceding the first

testing day. These tasks were administered once per hour, along with some
reaction time tasks (data to be presented separately). Blood pressure, left

and right grip strengths, and core temperature were checked once per hour.

Heart rate was monitored for 20 minutes per hour (for the purposes of this

study, the mean heart rate for each 20 minute period has been used).

Study Two
The second study (MOPP study) involved 24 male subjects (see Table 1), 6

who had participated in the first phase and 18 new subjects. This study

used the sane tasks in the same order and monitored the same physiological

measures as Study 1. Testing started about 0730 and continued for 12 hours

each testing day, with a 45 minute lunch break after 6 hours. The two test-

ing days were separated by a non-testing day when subjects were free to do

as they pleased as long as they did not drink alcohol and got adequate

sleep.

Subjects in this study wore full MOPP gear rather than just the mask.

The MOPP gear consisted of a two piece charcoal impregnated canvas suit, the
p M17A2 gas mask, a hood that fitted over the mask, butyl rubber gloves, and

rubber boot covers, all worn over standard fatigues and army boots (Kelly,

et al., 1987). The No-MOPP subjects wore fatigues and boots. MOPP subjects
were required to keep the gear intact for the entire 12 hour period except

for 45 minutes at lunch, when they were allowed to remove the mask, hood,

and gloves. There were occasional brief periods where the jacket or suit
had to be unzipped (e.g. adjustment of the heart rate telemetry device).

The masks were tested for fit and leaks at the start of the day and after

MA6 6



Table 2: Kogi Symptom Scale

SYMPTCM MASK NO MASKY OPP NO MOPP
MEAN MEAN MEAN MEAN

Head feeling heavy .28 .10 .34 .07
Whole body getting tired .20 .13 .34 .03
Legs feeling heavy .05 .05 .17 .01
Yavning .43 .25 .38 .19
Muddled brain .09 .08 .29 .05
Becoming drowsy .40 .26 .50 .18
Eye strain .31 .22 .48 .18
Rigid or clumsy in motion .06 .04 .25 .01
Unsteady in standing .05 .02 .15 .02
Want to lie down .26 .19 .35 .12
Difficulty in thinking .06 .06 .23 .01
Weary of talking .05 .06 .12 .01
Becoming irritable .17 .10 .34 .07
Unable to concentrate attention .13 .09 .28 .09
Unable to have interest .11 .10 .24 .09
Apt to furget things .17 .14 .15 .06
Apt to make mistakes .27 .24 .26 .10
Uneasy about things .11 .14 .17 .03
Unable to straighten up .10 .06 .16 .02
No energy .13 .06 .20 .05
Headache .35 .09 .43 .03
Stiffness in shoulders .21 .09 .25 .03
Low back pain .09 .05 .17 .07
Breathing oppressed .21 .03 .26 .01
Thirsty .40 .31 .31 .20
Husky voice .03 .04 .06 .01
Dizziness .05 .04 .12 .02
Eyelids twitching .08 .09 .10 .03
Tremor in limbs .02 .02 .06 .01
Fecling unwell .16 .10 .20 .01

Total 5.04 3.24 7.31 1.80

All symptom means were based on the response scale 0 = No 1 = Yes. These
means when multiplied by 100 equal the average percent resronding yes in
each condition.

MEAN = The mean of subjects reporting that symptom over the 12 MOPP (N=24)
sessions or the 4 MASK sessions (N=32). The Total is the sum of the
means of all symptoms reported under each condition.
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the lunch break. Vater was available ad lib and yas taken without the

removal of the mask during the experiment through the tube-connector valve

in the mask.

Analysis

Mask vs No-Mask and HOPP vs No-MOPP comparisons were tested by paired

(correlated) t-tests. Changes over time (sessions), experimental and poss-

ible confounding effects (AM vs PM start and condition order) as well as

interactive effects were examined by multivariate analysis of variance

(MANOVA; Norusis, 1985). The conservative Bonferroni significance levels

(Harris, 1976) for multiple significance testing were used to correct for

multiple significance testing on correlated variables. In this method the

standard level for significance (pu.OS) is adjusted by dividing by the

number of measures. For example when the results of the seven psychological

scales were being analyzed for mask or HOPP effects, p..007 (.05/7-scales)

was used instead of p=.05. Similarly, when five physiological measures were

analyzed, p-.01 (.05/5 measures) was set for significance. Variables shov-

ing significance levels of .05 are reported in the text but only those

reaching the conservative leveln were considered significant.

Relationships between the psychological and physiological effects, and

between these effects and other non-experimental factors, such as age, years

service and the amount of previous experience with the gear, were calculated

using Pearson product moment correlation coefficient. Significant linear

relationships were said to exist when Pearson correlation coefficients (rp )

were confirmed by Spearman correlation coefficients (rs) which are less

susceptible to the effects of outliers. Because the hours of experience

with .zhemical defense gear had an extremely positive skew, a loglo transfor-

mation was done on this variable, with a constant of 1 added so that when 0

hours of experience occured a transformation was possible.

RESULTS

Study One

In the four hour Mask study only the increase in SYMPTOMS between Mask

and No-Mask condicion means reached the conservative (p=.O07) level of

8
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significance (see Table 3). More of these work related fatigue symptoms

were reported by subjects in the mask than the unmasked condition (5.0 vs

3.2, t-3.27, p..O03). Minor fatigue symptoms were predominant (see Table

2). Masked subjects also showed greater FATIGUE by the SAM scale at the

standard (p-.05) non-corrected level of significance (5.6 vs 4.8, t-2.59,

p..014). The SYMPTOMS and FATIGUE effects were present at standard level of

significance within the first hour of wearing the mask (SYMPTOMSi mask 3.4

vs no-mask 2.6, pa.049; SAM FATIGUE: mask 5.4 vs no-mask 4.7, p..014).

None of the physiological measures shoved significant differences

hetween the Mask and No-Mask period means at the conservative level of

significance (p..01). Heart Rate was the only physiological measure to show

any mask effect at the standard (p=.05) level of significance.

The symptoms increased over the four sessions while heart rate and core

temperature decreased over sessions (significant conservative p<.O1 linear

trends) with or without the mask (see Table 4 and Figures 1, 2, and 3).

Subjects also reported small increases (p<.05) in fatigue symptoms from the

first to last sessions. A MANOVA shoved significance at the standard level

for the interaction between sex and the mask effect on heart rate (F(1,21).

5.25, p=.0 3 2 ). Because of this, separate heart rate t-tests were done in

the male and female subgroups. This revealed that the increase in heart

rate with the mask were only significant among the females (mask 78.4 vs

no-mask 73.2 bpm, t=4.99, df=7, p=.O02). MANOVA showed no sex effects on

the other variables which showed mask effects.

Study Two

*_ POM FATIGUE, SAM FATIGUE, NEGATIVE MOOD, SYMPTOMS, and SLEEPINESS (all

the 'negative' psychological measures) showed higher scores for the 12 hrs

in the suit than without, while POMS VIGOR and POSITIVE MOOD (the two mea-

sures of positive states) were lower (p<.O07 for all). Subjects reported

more symptoms (see Table 2), more sleepiness, less positive mocd, etc., when
they were tested in MOPP gear (see Table 3). Additionally, all the physio-

logical measures except blood pressure had significant 12 hr mean differ-

ences. There were increases in heart rate and core temperature and a

decreased grip strength in the MOPP condition (p<.O01 for all).
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Table 3. Kask no-mask and KOPP no-KOPP means, standard deviations (SD), Rnd

t values for psychological and physiological measures

PSYCHOLOGICAL MASK NO MASK ,
MEASURE SCALE MEAN SD MEAN SD tp- df
POMS V-gor IT7 77.5 97 .9 -748 636
POMS Fatigue 3.6 3.9 3.1 3.6 .85 .404 31
SAM Fatigue 5.6 2.0 4.8 1.9 2.59 .014 31
Kogi Symptoms 5.0 5.0 3.2 3.7 3.27 .003 31
NHRC Negative 4.2 4.3 4.0 4.1 .46 .647 31
NHRC Positive 38.0 11.7 38.4 11.4 -. 31 .755 31
Stanford Sleepiness 2.6 1.0 2.5 1.0 .38 .704 31

PHYSIOLOGICAL MASK NO-MASK *

MEASURE SCALE MEAN SD MEAN SD t P- df
Heart Rate BPM W3 979 67f 9.1 2.07 .048

Temperature Centigrade 36.9 .2 37.0 .3 -1.54 .135

BP - SYS MM Hg 114.3 8.9 113.9 8.9 .37 .714 31
BP - DIAS MM Hg 73.5 6.6 71.6 7.1 1.98 .056 31
Grip Kg 45.9 12.7 45.4 12.9 .83 .415 31

PSYCHOLOGICAL MOPP NO-MOPP ,
MEASURE SCALE MEAN SD MEAN SD t 2- df
POMS Vigor T. • 3.8 1 3'7 -4.89 <.001
POMS Fatigue 4.8 5.1 1.4 2.1 3.86 .001 23
SAM Fatigue 6.1 1.8 5.2 1.7 3.02 .006 23
Kogi Symptoms 7.3 7.5 1.8 2.5 4.50 <.001 23
NHRC Negative 5.9 4.3 2.6 2.1 4.80 <.001 23
NHRC Positive 32.1 12.0 37.3 10.5 -3.58 .002 23
Stanford Sleepiness 3.1 1.1 2.1 0.7 4.69 <.001 23

PHYSIOLOGICAL MOPP NO-MOPP d
MEASURE SCALE MEAN SD MEAN SD t df
Heart Rate BPM 71.8 978 ;- 66 7.79 <.Orl 2-3
Temperature Centigrade 37.1 .20 36.9 .18 6.03 <.001 23
BP - SYS MM Hg 116.7 11.0 116.9 7.6 -. 18 .858 23
BP - DIAS MM Hg 71.5 7.9 71.6 6.5 -. 04 .970 23
Grip Kg 47.5 8.5 52.7 9.0 -9.34 <.001 23

Because of the multiple testing of correlated variables the conservative
(Bonnferoni) level of significance was set at .007 for PSYCHOLOGICAL and
.01 for PHYSIOLOGICAL measures.
Data lost on 3 subjects because of equipment failure.

b One subject refused to use the rectal temperature probe.
BPM = beats per minute
SD = standard deviation
BP - SYS = systolic blood pressure
BP - DIAS = diastolic blood pressure
t = paired t-test of correlated means (Means of the 4 session for Mask and No

Mask, and Means of the 12 Sessions for the MOPP and No MOPP).
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Table 4: Significant sessions effects by MANOVA

MEASURE SCALE F df p Fin df p
STUDY 1 sess

KOGI Symptoms 3.22 3,20 .045 9.76 1,22 .005
Temperature Centigrade 13.19 3,25 <.001 26.58 1,27 <.001
Heart rate Beat/min 27.22 3,19 <.001 85.20 1,21 <.001

STUDY 2
SAM Fatigue 3.81 11,10 .022 4.68 1,20 .043
POMS Vigor 4.88 11,10 .009 21.37 1,20 <.001
NHRC Negative Mood 3.78 11,10 .023 6.54 1,20 .019
Stanford Sleepiness 3.70 11,10 .024 31.91 1,20 <.001
Temperature Centigrade 5.01 11,10 .008 +

Heart rate Beat/min 8.69 11,10 <.001 +

The session differences and trend analysis results in study 2 reflect the
pre-post lunch break changes (the mask and hood were removed during the 45

rr minute lunch); therefore, these findings should be interpreted with caution

in regards to the effects of wearing this gear for 12hrs.

+ Many significant trends were present on these measures, probably due to the

injestion of food during the lunch break (see Figures 2 and 3).

Table 5: MOPP study four session mean values

PSYCHOLOGICAL MOPP NO-MOPP
MEASURE SCALE MEAN SD MEAN SD t df
POMS Vigor 14.5 6T i8F. 6.- -3710 .005 IN
POMS Fatigue 4.4 5.2 1.2 1.9 3.76 .001 23
SAM Fatigue 6.0 1.9 5.1 1.9 3.38 .003 23
Kogi Symptoms 6.5 7.0 1.3 2.0 3.94 .001 23
NHRC Negative 5.7 4.9 2.2 1.9 4.10 <.001 23
NHRC Positive 33.7 12.2 39.3 10.9 -2.82 .010 23
Stanford Sleepiness 2.9 1.1 1.8 0.7 4.84 <.001 23

PHYSIOLOGICAL MOPP NO-MOPP ,
MEASURE SCALE MEAN SD MEAN SD t P_- df
Heart Rate BPM 7"T 87- T 6.4 6.55 <.001
Temperature Centigrade 37.0 0.2 36.9 0.2 1.97 .061 22+
Grip Kg 47.4 8.2 51.3 8.7 -4.71 <.001 23

* Because of the multiple testing of correlated variables the conservative
(Bonnferoni) level of significance was set at .007 for PSYCHOLOGICAL and
.01 for PHYSIOLOGICAL measures.Temperature data was lost on one subject due to equipment failure.

When means of the first 4 hours for the MOPP and no MOPP conditions were

analyzed, all of these effects remained significant at conservative levels

14
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(p<.007) except for the decrease in POSITIVE MOOD where p was .010 (see

Table 5). In the first hour, measurements of core temperature, grip

strength, and POSITIVE MOOD did not differ in the MOPP condition as compared

to No-MOPP. Subjects already showed incre ;ed SLEEPINESS and increased

heart rates at the first hour of testing in MOPP gear (p<.001). NEGATIVE

MOOD, POM VIGOR, both the POM FATIGUE and SAM FATIGUE, and SYMPTOMS showed

effects at the standard (p.05) level of significance (see Table 6).

Several variables showed similar linear trends at the standard level of

significance in the MOPP and No-MOPP conditions (see Table 4). VIGOR

decreased over time (see Figure 4), and correspondingly SAM FATIGUE, NEGA-

TIVE MOOD, and SLEEPINESS increased. There were slight recoveries in all of

these measures from pre- to post-midday break period (see the changes

between sessions 6 and 7, Figure 2). Heart rate showed a significant linear

decrease between the start and the lunch break, and between post break and

K" the end of the day, with an increase pre- to post-lunch (see Figure 3). The

Table 6: MOPP Study first session mean values

PSYCHOLOGICAL MOPP NO-MOPP
MEASURE SCALE MEAN SD MEAN SD t df
POMS Vigor 16.3 77.1 T76 ._7 -2.21 .938 23
POMS Fatigue 3.3 4.9 1.5 2.2 2.18 .040 23
SAM Fatigue 5.8 2,3 4.8 1.9 2.44 .023 23
Kogi Symptoms 4.1 5.7 0.8 1.7 2.89 .008 23
NHRC Negative 5.0 5.12 2.4 2.3 2.71 .013 23
NHRC Positive 36.0 13.1 40.1 12.5 -1.65 .114 23
Stanford Sleepiness 2.6 1.2 1.7 0.7 3.94 .001 23

PHYSIOLOGICAL MOPP NO-MOPP ,
MEASURE SCALE MEAN SD MEAN SD t P- df
Heart Rate BPM 7-6.-3 873 W 973 4.85 <.001 2-
Temperature Centigrade 37.1 .29 37.1 .38 -0.30 .766 21+
Grip Kg 47.1 7.1 56.2 13.0 -1.90 .084 23

Because of the multiple testing of correlated variables the conservative
(Bonnferoni) level of significance was set at .007 for PSYCHOLOGICAL and
.01 for PHYSIOLOGICAL measures.

+ Temperature data was lost on two subjects during the first session due to

equipment failure.

SD = standard deviation
df = degrees of freedom
BPM = beats per minute

*15
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body temperature differed between the MOPP and No-MOPP conditions, though

both conditions started out at the same temperature (session i, Figure 3).

The No-MOPP subjects showed a drop during the first six sessions, while the

MOPP subjects maintained a mo::e constant temperature. Temperature differ-
ences between MOPP and No MOPP reached a maximum by sessions 6 and 7.

T-tests between the first session means and the means of the first four

sessions did not show a significant difference between MOPP and no MOPP. No

trends were observed in blood pressure or grip strength. There were no

interactions or confounding effects demonstrated by MANOVA.

Mask vs MOPP Effects

The two studies were compared in unpaired t-tests (using the first four

hours of the 12 hour days in the MOPP study). The MOPP condition had a

greater heart rate (p<.O01) and core temperature (p<.Ol) than the Mask. All

psychological measures except SAM FATIGUE showed expected differences

(higher negative and lower positive states) at the standard level of signif-
" ~icance (p<.05).

Correlations

The amount of increase in SLEEPINESS when MOPP gear was worn (12 hr MOPP

mean minus 12 hr No MOPP mean) correlated with the amount of increase in

core temperature (r p=579, p=.003; rs=.549, p=.006). There were no other

physiology-psychology relationships that reached even the standard level of

significance. Older subjects tended to report more symptoms in all condi-

tions (no-mask, mask, no-MOPP, MOPP). The Pearson correlation coefficient

(r ) between age and number of symptoms reported was .404 (p=.025). This* p
was confirmed by a Spearman's correlation coefficient (rs) of .405 (p=.050).

However, the amount of increase seen in SYMPTOMS when the mask or full MOPP

gear was worn did not correlate with age (i.e. the difference between no-

mask and mask or between no-MOPP and MOPP did not relate to age).

The amount of previous experience with protective gear, the number of

years in the service, and the pay grade showed no significant correlation

with mask or MOPP changes (Mask-no mask or MOPP-no MOPP) on any measure.
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DISCUSSION

Study One

Gas masks and other respirators have been previously noted to have

psychological effects (Morgan, 1983). Shephard (1962), discussing a British

Service respirator, stated that most of the difficulties experienced by

wearers were psychological reactions, including claustrophobia and distress

from sweat accumulation on the face, rather than physiological responses.

Studies of psychological responses during simulated chemical warfare

situations have found that the most severe responses appear related to the

mask, rather than other aspects of protective gear. Brooks et al. (1983)

reported that, out of 70 participants in a chemical warfare exercise, the 3

who were unable to complete the exercise experienced "panic immediately

after donning the protective mask and manifested hyperventilation, shaking,

confusion, fear of dying, and visual distortions." Carter and Cammermeyer

(May 1985) found that the most frequent psychological responses reported by

participants in a chemical defense exercise were rapid breathing, shortness

of breath, and loss of side vision, all of which appeared predominantly mask

related.

Using standard psychological tests in this noi. exercise condition,

little evidence of psychological effects from wearing the M17A2 mask was

found. There was a small increase in minor fatigue symptoms. There was

also a non-significant increase in the SAM Fatigue scale. No other psycho-

logical measure showed a significant change. The Kogi symptom list does not

specifically refer to feelings of claustrophobia, loss of side visi- or

rapid breathing as found by Carter and Cammermeyer (see above). Possibly

such feelings were present or it may be that persons with a tendency to

claustrophobia or anxiety responsc; are screened out in the admission

process to the Marines, and/or are less likely to volunteer for a study

involving masks. Field studies may also be more realistic than laboratory

studies. There are clearly stresses other than the mask itself present in

mock combat situations. These may serve to enhance or bring out otherwise

undetectable mask effects.
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Study Two

Psychological effects have been more widely reported with MOPP gear than

with maska alone. Carter and Cammermeyer (1985) found that 69X of partici-

pants in a chemical defense exercise in which subjects wore MOPP gear

reported some sort of psychological symptom. They note that this incidence

of symptoms is much higher than that reported by Brooks et al. (1983), who

used a similar scenario, and suggest that this might relate to the fact that

the Brooks researchers only questioned those showing evidence of aberrant

behavior while the Carter study solicited responses from all participants

making it more analogous to our protocol.

Rauch, Bandaret, Tharion, Munro, Lussier and Shukitt (1986) found that

perceptions of psychological rather than muscular fatigue were the primary

factor correlating with sustained artillery performance in a simulated

chemical warfare environmen:. Tharion, Rauch, Munro, Lussier, Banderet and

Shukitt (1986) reported that, among subjects perfcrming sustained armor

operations in a simulated chemical warfare environment, "extreme symptom and

mood changes resulted in medical casualties, combat ineffectiveness, and

early termination of all testing". They noted that there were significant

personality differences between those who experienced such problems and

those who did not.

The present study showed clear evidence of psychological effects when

full MOPP gear was worn. Every psychological measure shoý.sd slightly

greater deterioration under the protective gear condition than for the mask

alone. It appears that other aspects of the gear may have more effect than

the mask, or alternatively, the stress of the additional gear may serve to

uncover previously undetected mask effects, as the stress of the previously

discussed field studies apparently did.

In earlier studies on Sustained Operations using the same computer

presented scales similar changes were found in subjects not in MOPP gear who

performed over 20 hours of sustained work with or without moderate exercise

(Naitoh, Englund and Ryman, 1983; Naitoh, Englund and Ryman, 1984). Thus,

MOPP gear may be a stress of similar degree to very prolonged work sessions.

Future studies are in preparation to combine MOPP gear with sustained work
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to determine how these factors interact. There were nc interactions between

sessions effects and MOPP effects in the current study. However, 12 hours

is relatively short for a sustained work session, and no sleep loss was

involvel.

Physiological Measurements

Study One

The lack of physiological effects when the M17A2 mask was worn alone was

not unexpected. Even studies involving the additional stress of exercise

have found that heart rate is either unchanged (Gee, Burton, Vassallo and

Gregg 1968; Flook and Kelman, 1973; Stemler and Craig, 1977) or only

slightly increased (Spioch, Kobza and Rump 1962; Hermansen, Vokax and Lereim

1972; Dukes-Dobos and Smith, 1984) by wearing a mask at matched workloads

and exercise durations. Spioch et al. (1962) did report a significant

increase in systolic blood pressure when a mask was worn during exercise.

If heart rate at maximal exercise is measured, it tends to be lower with a

mask, but lower levels of exercise are achieved (Shephard, 1962; Stemler and

Craig, 1977; Lerman, Shefer, Epstein and Keren, 1983).

Only a few researchers have looked for physiologic effects from masks

under non-exercise conditions. Shephard (1962) reported that supine resting

subjects showed a small increase in systolic and diastolic blood pressure,

with no change in cardiac output or pulse, when they breathed against

moderate and large resistances. The resistances used (6.6 cm H20 an' 23 cm

H 20 at 20 1/min flow) were higher than that present with our adapted mask

(probably less than 1 cm H20, at 20 'nin), this study showed only a small

near significant (p=.053) increase in diastolic blood pressure in the mask.

Harber, Tamimie, Bhattacharya and Barber (1982) found a small but signifi-

•I cant (2 beats per minute) increase in heart rate at rest with the addition

of 4.9 cm H20/l/sec at I 1/sec flow inspiratory resistance. Again, this is
higher resistance than we used. Harber, Tammie, Bhatytacharya and Barber

(1984) found no change in resting heart rate when a respirator cartridge of

unspecified resistance was added to the inspiratory limb of the breathing

circuit. Louhevaara, Tuomi, Korhonen and Jaakola (1984) found no change in

resting heart rate when a conventional half mask (covering nose and mouth
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but not eyes) with combined gas and dust filters (inspiratory resistance 4.5
cm H2 0, expiratory 2 cm H20 at 2 1/sec flow) was worn.

Gas masks without other protective gear cover a minimal percent (about
2%) of the body's surface area and would be unlikely to significantly affect

temperature regulation (Shephard, 1962). No previous reports on temperature

effects of masks in resting subjects were found in a literature search.
Dukes-Dobos and Smith (1984) found that neither a half nor a full facepiece
air-purifying respira.or affected oral temperature at high or low workloads

under high or low heat conditions.

A number of studies have found decreased exercise endurance while wear-
ing a mask (Van Huss, Hartman, Craig and Steinhaus, 1967; Craig, Blevins and
Cummings, 1970; Craig, Blevins and Froehlich, 1971; Flonk and Kelman, 1913;
Stemnler and Craig, 1977: Lerman et al., 1983). A literature search found no
reports concerning mask effects on non-endurance type strength.

Masks clearly affect inspiratory and expiratory resistance and dead
space. Kelly, Yeager. Sucec, Englund, and Smith (1987) previously found

significant decreases in pulmonary function measures with the M17A2 mask.
However, such effects are not pertinen' at resting levels of breathing. So,

the present study concurs with the general consensus in the literature that

gas masks have little or no effect on resting physiology.

Study Two

Avellini (198-) evaluated several protective garments on exercising

subjects at v;:ious levels of temperature and humiditj. Under some condi-
tions, heart rates were significantly higher in the suits than when a
utility ut.iforir was worn. Atterbom and Mossman (1978) found a l0% (8 bpm)
irncrease in resting heart rate for subjects in a full body impervious suit.

Goldman ('963) found that soldiers could wear either of two Chemical,
Biological and Radiation (CBR) p:otective outfits i:, various environments

(85°F with 75% relativ• humidity [RHI, 95°F with 50% RH, or 105°F with 20%
RH) for o-er four hours without exceeding a heart rate of 180 (the actual

heart rates achieved were not given). The subjects in that study did not
perform any activities. The 9.5 bpm (15%) increase in the mean heart rates
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of our subjects corresponds very closely to the findings of Atterbom and
Mossman (1978), indicating that our semi-permeable suit holds no advantage

over impermeable suits by this measure.

Most studir.;s of the temperature effects of protective suits have used
subjects performing physical exercise with or without the addition of high

ambient temperatures (Goldman, 1963; Joy and Goldman, 1968; de V. Martin and
Goldman, 1972; Avellini, 1983; Smolander, Louhevaara, Tuomi, Korhonen and

Jaakkola 1984; Thorton, Brown and Redman 1985). Such protocols would be

expected to produce more body temperature elevation than our non-exercise

protocol. A case of heat stroke (Cole, 1983) and some lesser heat related
injuries (Carter and Cammermeyer, 1985) have been attributed to the effects

of MOPP gear similar to the variety tested in the present study. However,
these occurred during outdoor training exercises involving exertion. The
heat stroke occurred under environmental conditions of 80 0 F, with 84X

humidity.

Goldman's (1963) study of resting subjects wearing protective ensembles
in various environments (see Heart Rate section, above, for details), found

that subjects did not reach a rectal temperature of 39.50C (the actual
temperatures achieved were not given). Atterbom and Mossman (1978), study-
ing an impervious suit, found no change in rectal temperature in a brief (15

minute) observation of subjects at rest. It is not surprising that 12 hours
in MOPP gear would produce more core temperature elevation than 15 minutes.
Our MOPP results agree with Goldman (1963) in that none of our subjects were

near their 39.5°C core temperature cutoff.

Previous studies have found decreased exercise endurance while wearing a
protective suit (Atterbom and Mossman, .978; Avellini, 1983). Smolander et

al. (1984) found reduced isometric muscle endurance in subjects wearing

impermeable gas protective clothing. McGinnis, Bensel and Lockhart, (1973)
found improved performance on a torque test when protective gloves were

worn. This test required subjects to apply angular force to a 0.75 inch

diameter brass cylinder grasped with one hand. It was presumed to be a
measure of the ability to hold onto objects. The torque test is somewhat
analogous to our grip strength measure. However, there was an immediate and
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persistent decrement in grip strength when the HOPP gear, including similar

gloves, wa* worn. It may be that use of our dynamometer involves mut~r

d&-:erity than grasping a cylinder. Previous studies have reported

decreased dexterity with similar gloves (Johnson and Sleeper, 1986; McGinnis

et al., 19i3). However, U. S. chemical defense gloves have been found to

allow more dexterity than U. K. or Canadian gloves (Vittorio and Cattroll,

1975).

Previous studies have found that increased body temperature either from

exercise (Horne and Staff, 1983) or from a hot bath (Horne and Reid, 1985)

increases the proportion of slow wave sleep. Our finding of a significant

correlation between the increase in core temperature and SLEEPINESS when the

HOPP gear was worn may be a psychological analog to this physiological

relationship. _

Mask vs MOPP Effects

The comparisons between the data from the Mask study and the first 4

hours of the MOPP study demonstrated that the full MOPP gear had signif-

icantly greater effects than the M17A2 mask alone and that these larger

effects were not dependent on the longer (12 hour) exposure. This may

indicate that the other portions of the protective gear have indepe~ndent

detrimental effects. Alternatively, the masks and other parts of the gear

may have interactive effects.

Sessions Effects

It is not surprising that subjects in the Mask study (both conditions)

reported more fatigue symptoms as the day went on and subjects in the HOPP

study had a decrease in POMS Vigor and an increase in SAM Fatigue, Negative

Mood, and Sleepiness over time. The tasks involved were not very inter-

heartig randtes iprothbl stdis may havedo resutedorom The lnalms nocrphyssica

hesrtig ratend threpobabl wadis may boveredomte facor. the alnearn deceassina

activity during testing, with the subjects gradually approaching their

resting heart rate. The post lunch increase seen in the MOPP study (see

Fig. 5) is probably related to food ingestion triggering increased blood
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delivery to the gastrointestinal system. Also, subjects were often up
moving around during the lunch break. The lunch-break introduced changes

unrelated to the wearing of HOPP gear in almost all variables.

The trend analysis across sessions on these variables did not indicate
any adaptation to wearing HOPP gear over time. The trends observed were the

same in the no HOPP and HOPP conditions. There were no condition by session
interactions. This indicates that the initial negative effects of the gear

did not increase greatly as it was worn for .onger periods of time. The
normal circadian drop in temperature over the day may have occurred only in

the No HOPP subjects (with a slight pre-post lunch break increase), while
HOPP subjects shoved a more constant core temperature throughout the 12 hrs.
Presumably an increase in heat storage from the suit was being balanced by

the circadian drop, and if the suit were worn during a period of circadian
elevation in temperature, there might have been an amplification of that

elevation.

Correlates

It was hypothesized that there would be a negative correlation between
negative psychological changes with the gear and the amount of previous

experience with that gear. However, the present data suggest that simply
using the gear may not be sufficient to reduce or eliminate the negative

psychological responses. Tharion et al. (1986) observed that subjects
performing field tests in HOPP gear reported less respiratory distress,
mental fatigue, muscle exhaustion, and general fatigue if they received

special training in coping strategies and were given the opportunity to eat.
It was not reported if the coping strategies alone made a difference.

Male vs Female

Hamilton and Zapata (1983) reported that the U. S. aircrev chemical
defense ensemble had more negative effects on the mood of females than
males. Their male subjects actually showed less mood deterioration after 6
hours in the chemical defense gear than after the same time period in a
standard flight suit. Their female subjects showed a greater mood decrement
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in the suit. Those results m1y be confounded somewhat by the fact that the

female subjects were exposed to higher environmental temperatures than the

males. Also, the Lhanges were not statist!cally significant.

There were no female subjects in the MOPP study. In ,he Mask study,

females shoved a statistically greater increment in heart rate when the mask

was worn. MANOVA revealed no other inale-female interactive effects in the

changes seen in the mask condition. So, this is minimal evidence of a six

difference in sensitivity to mask effects. It is uwfortunate that female

subjects were not available for the IMOPP gear study where the overall

greater effects might have allowed us to confirm or refute such a

difference.

CONCLUSION

Wearing the M17A2 mask while performing sedentary activities over a four

hour period was found to increase symptom reporting. An increase in heart

rate was only seen in the female subjects. Wearing full HOPP gear for 12
hours while performing the same tasks caused more and greater physiological

and psychological effects. None of these changes were of a degree to indi-

cate that this gear would seriously compromise the performance of soldiers

who wear it during non-exertional activities.
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